This invention relates to apparatus for polishing silicon wafers. 
ftyVgrmmrf nf the Invention 

Silicon wafers are produced as precursors from winch nricncKelectronic 
j^mi^Kftv^nr mrnpnm»nt« are produced- The wafers are grown for example by 
deposition of silicon onto a substrate, to produce discs typically 20 cm in diameter , 
which are split by cleavage parallel to their mqor surfaces (analogous to the cleavage 
of slate) to produce two thinner wafers. The resulting wafers require to be poliahedto 
give totally flat and planar surfaces for deposition of electronic components onto the 
surface by standard lithographic and etching techniques to form in te grated chip 
semiconductor devices- Typically a 20 cm diameter wafer will produce forty micro 
processor chips. 

The designed size of sudb integrated chips is steadily decreasing and the 
number of layers applied, e.g. by lithography onto the silicon surface is rising, to 
produce ever smaller and increasingly complex micro-circuits. Present semiconductors 
typically incorporate 3 or 4 metal layers, whilst it is expected that fixture designs will 
contain 5 or more layers. This increase in the number of layers applied is leading to 
ever more stringent requirements on the smoothness and pknarity of the silicon wafers, 
since pits or scratches may produce voids which cannot be bridged by deposited 
m aterial, S3 th~ Widths and tWrHv^f^ rxfA*p*atmA layers are decreased, leading to 
un planned resistances where a conductor is narrowed, or capadtances/non^uMului^e 
gaps, where breaks occur in deposited conductor layers, which interfere with or 
compromise the planned operation of the circuit 

The standard wafer polishing technique in use at present is to remove a wafer 



from a suck, or cassette of e.g- 10 wafers, by means of a robot arm. and manoeuvre 
me disc into position ver a rotating disc. The disc U usually coated with 
polyurethane, and the wafer is held fo place by an overhead pl^ 
polished by the rotalfeg disc. Th^ 
for polishmg lenses, nmra 

completed, the robot arm removes the wafer and transfers h to arother work stato 
for eventual nongraphic deposition steps. 

A riggncantry dttferent approach is so-called linear P ln na riwion Technology, 
developed by OnTrak, wherein an endless travel beh b used to polish the wa^ 
place of the rotating disc form of polishing tool The belt used in this method is 
described in EP-A- 0696495 and comprises an endless belt of sheet sted, having a 
poh/uretbane coating of low Shore A hardness. Anaajor problem with thoebchs is 
the poor adhesion of polyurethane to steaL Anadbesiveor coupling agent b re^ 
for bonding between the s^ 

such an agent bond strength b fosufficiem to wifosta^ 
which the belt operates - particularly the fric^ 
and wafermthe zone of contact. Tbe^t^ 
flake off withm two days or so/and to rep^ 

has to beremoved for fresh polyurethane to be added as a patch. This leaves 
seams or joints between the original coating aim tta 

by complicated and expensive high-precision machinery and processes so as to ensure 
that a fiat planar belt surface is maintained. 

An object of the invention is to provide a belt-type apparatus for pohshiiig 



to 



silicon wafers wherein the problems arising from the use of a sheet metal belt, having a 
poorly bonded coating, are at least substantially overcome, 
gimrnmn/ of the invention 

This invention provides for use in polishing silicon wafers, an endless bdt to act 
as a polishing tool, characterised in that the bdt comprises a woven or non-woven 
fabric coated with a suitable polymer. 

The polymer is preferably poiyurethane, preferably with a low Shore D 
hardness, e.g. from 65-75. 

Alternatively the polymer maybe any thennoset or thermoplastic polymer 
having a reasonably high abrasion resistance, such as polyamides, silicones, 
fluoropolymers, epoxy resins and thermoplastic polyurethanes. 

The coating nuy comprise two or more layers of different hardnesses The 
coating may comprise at least one layer of partially fused polymeric particles, or two or 
more thermoplastic polymers of different melting points. 

The upper layer may be the harder layer. 

On the other hand the intermediate layer may be the harder layer, and the upper 
layer may comprise a foamed plastic, or be formed of or incorporate thermally 
expandable expanded polystyrene beads which form pores in the plastics layer. Hollow 
microbeads of plastics, glass or soluble material may be incorporated in the upper 
layer. 

Abrasive particles or fibres may be added to the upper layer, which may 
constitute a transparent coating, or be micro textured with micro-scale grooves or 
surface roughness. 

The fabric may be a substrate which is woven in endless form embodying yarns 



of high tensile strength and relatively low elongation. 

A fabric woven in endless form lacks the weak spot* of a seam or splice, winch 
is a great advantage as these belts ope^ 
fo rmation of ripples or wrinkles. 

The befe thickness is typk^ 
the range 0,05 - 0.09 inches. 

E x a mples of suitable yarns am mcta- or para* aianads Hi as KEVLAR, 
NOMEX or TWARON; PBO or its derivatives; potyetherimide; polyimide; 
polyetherketon^^ 

SPECTRA); or polybe nzhnidaaole; or other yams commonly used in higb-perfbnnance 
fcbrics such as those for making aerospace parti Mixtures or blends of any two or 
more yams may be used, as may glass fibres (preferably sired), carb^ 
yams including basalt or other rock fibres, or mixtures of such miner al fibres with 
synthetic polymer yarns. Any of the above yarns may be blended with organic yarns 
such as cotton. The belts according to the invention woven from these yarns are 
strong in the machine direction and sufficiently rigid in the cross machine direction. 
Most preferred are aranrid yarns due to their low weight an d hig h strength, 
A non woven febric substrate may be provided in place of a woven substrate 
and be formed from any one, or a blend or mixture of any of the above mentioned 
yarns or fibres. More than one nonwoven substrate may be provided, preferably two, 
and they may be vertically aligned or offset relative to one another. 

A bek substrate may comprise a non woven fabric with additional spaced apart 
linear yarns e xt e ndin g substantially in a common direction, and a polymeric matri x 
material interconnecting and at least partially ^^p^ il^ting of the yarns. The 



instead be oriented m the crmwd^^ dta^ i* rf^ 1 ** •< « 

described inGB-A-2202873. Extra reinforcii* yarns extending substantially in the 
machine direction may also be provided. 
The befc substrata prefer^ 

ax ddaxnination resists 

polymer. FortMs, a^Hnkbctt of tto kind disclosed in GB -A-205 1 1 54, 

comprise 

Urterdigi ^a tf teoM 

wcwenfimrics. TbU substrate nviysupf.^ 

coated or psrli^ 

The surface of the belt may be fonned wWi grooves extending m th^ 

direction ofti-bek to 

^ can be removed fi^tte 

jets, rotating fine brushes or hard non-metaffic <e. fr ceramic^ 

Fig-lb a diagram of a continuous 

^^oftheldndincorp^ 

Flg .2 is a fragmentary etda^ 

^adunedkectionofo^ 

Fig.3 is a view shnflar to fig.2 of another embodhnem of the belt of tte 

invention; 

Rg.4 is a view similar to figs. 2 and 3 of yet «n«mw enmodiment of the belt 
according to the invention; 



Fig.5 is a similar view fa fourth embodiment of the belt according to the 
invention. 

Fig. 6 is a similar view of a fifth embodiment of belt according to the invention; 
Fig.7 ia a similar view of a sixth embodiment of belt according to the invention; 
Fig.8 is a similar view of a seventh embodiment of belt according to the 
invention; and 

Fig .9 ia a similar view of an eighth embodiment of belt according to the 
invention. 

rtenmptkin of Exemplified f^nhodtrnrnta 

Fig.1 is a diagrammatic view of a continuous belt machine for polishing and 
planarismg silicon wafers, A platen 10 operable by a hydraulic or pneumatic ram 1 1, 
holds a silicon wafer 12 flat on the surface of a continuous belt 13, after the wafer 12 
has been put in place by a remotely controlled or autonomous handling system such as 
a robotic arm (not shown). Bdt 13 ia pasaed around end rotters 14, IS and is driven in 
the sense m < $™t*A by the arrows on the drawing. Apohshing slurry, containing very 
fine grade abrasive is fed onto the upper surftce of the beh from a reservoir 16, 
through a feeder 17. An example of a suitable polishing slurry ia disclosed in WO 
96/16436 by Advanced Micro Devices, Inc. The feeder 17 may be associated with 
means known in the prior art for achieving the desired distribution of the slurry on the 
bdt, prior to encountering the wafer 12 which is to be polished by the chemical- 
mrrhn n^ 1 polishing process. 

P olishing is achieved by the motion of the belt 13 in contact with the surface of 
the wafer 12 which is to be polished, in forced contact under pressure with the wafer 
surface, from the platen 10 and ram 1 1, 



to accordance with the invention the bdt 13 is inade firom * aubatratc at toast 
coated with a. suitable polymeric materud and some possibk a 
the following figures by way of example. 

In fig.2 a non-woven fibrous batt 20, preferably imprflgtwtwl and reinforced 
with a suitable resin, is coated on its upper surface, for contacting wafers to be 
pdished,wtthalayer21tf^ Theupper 
surfece b formed wifo s miWtuo^ 
drainage of the used slurry (coinnrising abrasive pattudea, 
pf silicon removed fiom the wafer) from the polishing site. 

fo fig.3 a woven substrate 30 b shown, comprisn« 
with crossnnachine direction yarns 32 interwoven through them. The simplest possible 
weave pattern is shown, but of course more complex weave patterns, including nuuti- 
tierMDyams31 may boused, to obtata a bulkier woven sub*ra*. Multipte layers of 
woven substrate 30 may be overlaid and impregturtedwmi a binder 
The yarns 32 may run in the cross-machme o^rectfon with tte 
extending in the machine direction. The substrate 30 is coated on its upper iwlishing 
surfece wifoalayer 33 of polyurem^ This 
preferably strikes into the woven substrate, and may hnpregnate the substrate 

completely. 

m fig.4 a iKm woven substrate 40 comprw« 

in the machine direction, encapsulated m A coating 43 

f a polyurethane having a low-Shore A hardness is provided on the polishing surfece 
ftbe substrate 40. The substrate may be of the kind described in GB-A-2202873 and 

nay include vertical passages through the substr^ 



In fig.5 a substrate 50 La provided which cxwnprises aliiikbeh f the kind 
disclosed in (3&-A-205 11 54. This has an array of cross-machine directioa hinge-wires 
51, each pair of which are connected by respective flattened helical coils 52, which 
each interdigitate with the adgaceat cofla about the respective hinge wires. Substrate 
50 is covered with a fibrous layer, such as a nan woven plastics impregnated and 
reinforced bart 53, which is in turn coated with a layer 54 of a low Shore-A hardness 
potyurethane. 

The hinge wires 5 1 and helical coils 52 may be of a suitable poryamide material 
or less preferably of metal wire. 

Fig.6 illustrates another embodiment of beh which comprises a supporting 
substrate 60, and two layers of Afferent hardness njateriala. These comprise an upper 
layer 61 of a relatively hard material, such as potyurethane with 60 - 70 Share-I> 
hard ness Layer 61 provides an upper surface 62 which is formed with parallel 
machine direction grooves 63 for drainage ofusedshmy from the poh^ A 
second, intermediate layer 64 is sandwiched between the relatively hard upper layer 61, 
and the substrate 60 and comprises a relatively soft material such as 60 -70 Shore-A 
hardness polyurethane. The substrate 60 comprises, as in Fig 2 a noo-woven fibrous 
batt which is impregnated and reinforced with a suitable resin. 

The structure superposing a relatively hard top surface material over a 
relatively soft layer provides the benefits of a hard outer surface 62, with the resilience 
of the softer layer 64, reduces pressure on the wafer and thereby minimises the risk of 
wafer breakage. 

Fig7 illustrates a further embodiment of belt which comprises a woven 
supporting substrate 70, amying an upper layer 71 of a relatively soft material, such 



as 60 - 70 Shore-A hardness polyurethane, providing an upper surface 72 with 
drainage grooves 73 , and an intermediate sandwiched layer 74 of a relatively hand 
material, ««eh as *Q - 70 Shore-D hftrrinpss polyurethane. This arrangement is 
essentially the reverse of that of Fig 6, but gives a compliant top surface and hard 
mi d^l* layer which provides the stiffness necessary to hold the wafer in place during 
planarisstiou. 

Fig. 8 shows another embodiment of belt according to the invention, 
comprising a supporting substrate 80 in the form of a membrane having machine 
direction reinforcing yarns 81 embedded therein. The membrane 80 may be 
perforated, although this is not shown. Membrane substrate 80 carries an upper layer 
82 of foamed plastics material, eg polyurethane. This foam may be rigid or preferably 
flexible, and provides surface porosity to retain shiny material generated during 
planarisation. The necessary stiffness to hold the wafer in place is provided by an 
intermediate layer of harder, eg 60 -70 Shore-D hardness polyurethane 83. 

Fig. 9 shows a yet further embodiment of belt comprising a spiral link fabric 
substrate 90, carrying an intermediate relatively hard layer 91, of eg 60 -70 Shore-D 
hardness polyurethane, carrying an upper layer 92 of solid polyurethane containing 
beads which are hn ff activated during polyurethane curing to form pores in the surface, 
similar to a foam coating. The beads comprise expanded polystyrene pellets which are 
dispersed into the polyurethane. 

The upper layer in any of the described embodiments may comprise at least one 
layer of partially fused polymeric particles, and/or comprise two or more thermoplastic 
polymers having different melting points. The sintered layer may optionally be 
reinforced by a textile material, e.g. a membrane, woven or nonwoven fabric, or 
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chopped fibres. The layer may incorporate hollow microbeada of plastics, glass or 
soluble materi al (such as CMC) which latter break down to provide a porous surface. 
Glass beads are used for their abrasive properties. 

Abrasive particles or fibres, such as TiC^; CeCs SiC; Si^ AljOj; glass; 
silicates; BaCO,; CaCO,; diamond or carbon may be added to the upper layer, which 
may also or in ^ff"* fnfiff of a transparent co atin g, 

The surfece of the upper layer may be provided with a micro textured coating, 
that is with micro-scale grooves or roughness, formed for example by machining, laser 
cutting (preferably with an ablation or exdmer laser), or chemical means (e.g. by 
dissolving soluble particles such as sugar or cooking salt present in the upper layer. 

Upon curing of the polyurethane these pellets expand to form hollow beads 
which are cut open when the cured beh is conditioned eg by grinding, providing 
location on the belt surface winch can retam slurry. 

Any of the various substrates illustrated may be used in combination with any 
of the single layer (Figs 2 to 4) or double layer (Fig 5 to 9) structures described. 

In the above embodiments the substrate fabric 20, 30 or cover layer 53 may be 
an endless woven material to avoid the weakness imported by a splice or seam. The 
fabric may be woven from yarns of a high tensile strength and relatively low 
elo ngatio n, such as meta- or para- aramiria, eg KEVLAR, NOMEX or TWARON; as 
well as PBO or its derivatives; polyetiierimidc, polyetherketone, PEEK, gel-spun 
UHMW polyethylene (eg PYMEEMA or SPECTRA); or polybenainudazole. Yams of 
these compositions may be mixed or blended and mineral fibres such as glass, carbon 
or ceramic yams including rock fibres (eg basalt) on there own or mixed or blended 
with polymer yams may be used. The aramids are most preferred however on account 



of their low weight and high strength. 

The coa tin g T" H y aiso he any h* 8 * 1 abrasion r es i stanc e thcrmoset or 
thermoplastic polymer such as aliphatic poryamides, aliphatic aromatic copolyarmdes, 

silicones or epoxy resins. 

Woven metal mesh and perforate metal sheet belt substrate may be used with 
the belt interstices being occupied by rivets or fillers of polymeric material, improving 
bond strength between the polymer and the metal 

TV i»«m y ^r ta gA nf a. chemical- mf c h a in f a l polishing belt according to the 
invention is that improved bond strength is obtained between the preferably synthetic 
polymer substrate and the ^yiner coating. As a result, not only does the coatfagtend 
not to flake off so readily, but thicker coatings can be applied, possibly impregnating a 
substantial proportion of the substrate or even felly encapsulating it, meaning that belts 
last a tot longer on the machines before needing to be removed. 

Thebdt is typically 1.5 - 3 metres in length, measured as the toner 
circumference of the endless be* 0.2 - 0.6 metrea to width, a^ ^ 
The coating typically comprises 40 - 70% of the thickness. 

The bdt according to the ' invent may be appfic^-m-olliermduft^ for 
example for polishing and planarismg optical flats and mirrors prior to coating of the 
latter with a reflective metallic layer. 



